Background: Diarrhea continues to be one of the most common causes of morbidity and mortality among children in developing countries. Recently, some studies have implicated diffusely adherent Escherichia coli (DAEC) strains as a cause of diarrhea. The clinical manifestations of diarrhea caused by DAEC strains may include watery or bloody diarrhea, abdominal pain, dehydration, and fever.
Background
Pathogenic Escherichia coli strains are classified into pathotypes on the basis of their virulence genes. Based on the pathogenesis, diarrheagenic E. coli (DEC) are classified into enteroaggregative E. coli, enterotoxigenic E. coli, enterohemorrhagic E. coli, enteropathogenic E. coli and enteroinvasive E. coli (1) . Blanco (2006) reported that diffusely adherent E. coli (DAEC) are also as a diarrheagenic group of E. coli (2) . DAEC strains are defined by their diffuse adherence pattern on cultured HeLa or HEp-2a cells, in which the bacteria uniformly cover the entire cell surface. The presumed virulence factor of DAEC strains is diffuse attachment to the intestinal lining of the infected host. DAEC binding induces the recruitment of DAF and CEA family receptors around the adherent bacteria via a lipid raft-dependent mechanism, which initiates internalization and cell signaling. The Afa/Dr family of adhesions in DAEC strains may be responsible for the adherence phenotype (3) . In addition, the prevalence of afaC-positive DAEC isolates is high in the colonic mucosa in colon cancer (4) . In developing countries, DAEC strains may cause diseases in malnourished or immunologically naive children (5) . However, the pathogenicity and epidemiologic significance of DAEC isolates has long been the subject of controversy.
Food or water contaminated with human or animal feces is the main transmission route for DAEC pathovars. Clinical manifestations of diarrhea episodes caused by diarrhea-causing DAEC may include watery or bloody diarrhea, abdominal pain, dehydration, and fever; however, there is no unique clinical characteristic that is specific to DAEC intestinal infections (6) . Further, the prevalence of DAEC in the stool specimens of children with diarrhea is lower than that of other DEC pathotypes. Some studies have associated DAEC strains with diarrhea in infants, children and adults (7) .
Some of the investigations on DAEC have shown that the bacterium may be present in children without clinical symptoms, while other studies have shown a relationship between DAEC infection and the presence of symptoms. DAEC-related acute diarrhea is a relatively new topic that is of public health significance (1, 8) .
A fimbrial adhesin designated F1845 has been shown to be responsible for the diffuse cell adherence of a diarrheal E. coli isolate. Further, a polypeptide with an apparent size of 15.5 kDa has been shown to be encoded by the daaD gene, which is believed to be the F1845 determinant (9) .
There are very few studies on the epidemiology and prevalence of DAEC infections in Shiraz, Iran. Therefore, there is a need for more research on the epidemiology of DAEC infections for better treatment planning and prevention of diarrhea.
Objectives
The goals of this study were: 1) isolation of E. coli from patients with diarrhea in Shiraz (Iran), 2) detection of DAEC pathotypes in isolates by molecular diagnostic techniques such as conventional PCR and real-time PCR assays, and 3) investigation of the antibiotic susceptibility of the DAEC isolates.
Materials and Methods

Clinical Specimens and Culture Method
This cross-sectional study was performed from January 2012 to December 2013 in Shiraz (Iran). In total, 715 stool samples from diarrhea patients were collected from different hospitals in Shiraz. The fecal samples were transported to the laboratory using the Cary Blair transport medium. Demographic data such as age, gender and clinical findings were obtained from the physicians. Fever, diarrhea and vomiting were the common clinical symptoms. The fecal swabs of the patients were streaked on MacConkey agar, after which the plates were incubated at 37°C for 24 hours. If pink colonies appeared, they were sub-cultured on eosin methylene blue so that they turned green in color. The isolates were identified as E. coli based on Gram staining, the oxidase test, catalase test, motility test, triple-sugar iron fermentation, the citrate test, methyl red staining, the Voges-Proskauer test, indole test, ortho-nitrophenylgalactoside test, and acid production from carbohydrates (10, 11) . For long-term storage, the purified isolates were stored in tryptic soy broth containing 20% glycerol (Merck Co., Germany) at -20°C.
Antibiotic Susceptibility Testing
Susceptibility testing for 18 antimicrobial agents (MAST Co., UK) was performed:
imipenem (IMI), ciprofloxacin (CIP), levofloxacin (LEV), trimethoprimsulfamethoxazole (SXT), amikacin (AK), gentamicin (GM), streptomycin (S), ceftriaxone (CRO), cefixime (CFM), cefotaxime (CTX), nalidixic acid (NA), tetracycline (T), azithromycin (AZT), ampicillin (AP), chloramphenicol (C), clarithromycin (CLA), penicillin (PG), and nitrofurantoin (NI). Susceptibility testing was performed using the diffusion method, according to the guidelines of the Clinical and Laboratory Standards Institute (12, 13). In this study, E.
coli ATCC 25922 was used for quality control.
Molecular diagnostic methods
DNA extraction and primer selection
A sweep of three colonies were inoculated in LuriaBertani broth containing 1% tryptone, 0.5% yeast extract, and 0.5% NaCl, and the broth was then incubated at 37°C overnight along with shaking. E. coli strains isolated from the samples were grown on Luria-Bertani agar (Sigma, St. Louis, MO) overnight at 37°C. E. coli DNA was extracted using the DNA extraction kit (QIAGEN Ltd., Crawley, UK), according to manufacturer's instructions. The specific set of primers used to detect daaD in a single reaction is shown in Table 1 (14, 15) .
Real-Time PCR Assay
The real-time PCR assay was used to detect DAEC strains in a final reaction volume of 25 µL that contained 1 µL of SYBR Green I (Invitrogen, USA). The reactions were performed on Rotor-Gene 6000 (Corbett research, Australia) under the following conditions: 95°C for 5 minutes, followed by 45 cycles of 95°C for 30 seconds and 58°C for 40 seconds. Finally, melting curve analysis was performed from 80°C to 95°C with a ramping rate of 2.5°C/s, and fluorescence analysis was conducted every 2°C for 5 seconds. All the reactions were repeated in triplicate, and positive and negative control samples were used in each run. All the data were analyzed by the Rotor-Gene 6000 software, version 1.7 ( Figure 1) (14, 15) . The cycling parameters used were as follows: 95°C for 5 minutes for initial denaturation of the DNA; this was followed by 35 cycles of 1 minute at 94°C, 1 minute at 58°C, and 1 minute at 72°C; and a final single prolonged extension at 72°C for 5 minutes. A negative control was included in each experiment to eliminate the possibility of reagent contamination. The E. coli strain ECOR 50 was used as a positive control in the PCR test. The amplified product was visualized by gel electrophoresis in 1.5% agarose gel containing ethidium bromide for 45 minutes at 100 V and then visualized under UV light (Figure 2) (14, 15) .
PCR Assay
Data Analysis
The Ax2 test or Fisher's exact test was used to verify the significance of the data. A P value < 0.05 was considered to indicate statistical significance.
Results
In the present study, 715 stool samples were examined, from which E. coli was identified in 101 (14.1%) samples by biochemical tests and culture. The sample population comprised 58 (57%) males and 43 (43%) females with a mean age of 13.52 (SD, 1.66) years (range, 2 months to 63 years). No significant correlation was observed between E. coli infection and gender (P = 0.141). DEC strains were isolated much more frequently in the summer months than in other seasons.
Molecular methods (real-time PCR and PCR) were applied to investigate the presence of the daaD gene in the 101 E. coli strains isolated from the diarrheal stool samples. Out of the 101 DEC strains identified, eight were confirmed as DAEC strains by real-time PCR. Seven DAEC strains were isolated from watery diarrhea samples, and 1 DAEC strain was isolated from a bloody diarrhea sample ( Table 2) . Three of the DAEC samples belonged to children aged between 6 and 12 months. Moreover, five DAEC strains were isolated from adults older than 50 years.
The highest number of DAEC strains were isolated from watery diarrhea samples, but there was no significant correlation between the type of diarrhea and the presence of DAEC strains (P = 0.682) ( Table 2 ). The most effective antibiotics against DAEC were levofloxacin and imipenem, while the least effective antibiotics were ampicillin and penicillin. 
Discussion
DAEC strains are a newly proposed virotype of diarrheagenic E. coli (15) . Recently, some studies have implicated DAEC strains as a cause of diarrhea, whereas some studies have indicated that the identification of DAEC strains is more common in asymptomatic controls than in diarrhea patients (16) (17) (18) . Further, one report in Brazil 4
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(2008) showed that DAEC strains were isolated in 18.3% of children with diarrhea (8) .
In this study, DAEC strains were isolated in 8 (3.92%) patients with diarrhea. This is the first study performed in Shiraz to identify DAEC intestinal pathogens in diarrhea patients. The frequency and other epidemiological characteristics of this pathogen as the causative agent of diarrhea differ from district to district. This variation has also been reported in countries in similar geographical regions (19, 20) . Recently, several of these potential virulence characteristics have been identified. Additionally, in a few other studies, DAEC strains have been identified as the cause of diarrhea only in patients older than six months and in adults (21) .
According to a study in Brazil, DAEC strains were detected in all age groups, but the frequency of detection was significantly higher in children over 1 year old (8) . In other studies in France and New Caledonia, DAEC strains were significantly associated with diarrhea only in children over 24 months of age (3, 22) . In yet another study, it was shown that the relative risk of diarrhea caused by DAEC increased with age, from 12 months of age to 5 years (17) . DAEC has been implicated as the cause of diarrhea in several other studies, particularly in children >1 year old (3, 23, 24) . In the present study, DAEC strains were isolated in patients from all age groups with diarrhea. Our findings are similar to those of studies from Caledonia, France and some other regions (4, (22) (23) (24) .
In a study by Guion et al. (15) , BLAST data indicated that the daaD gene was better conserved than the other closely linked genes related to the Dr adhesion phenotype (10) . Further, daaD-positive DAEC was recently associated with disease in adults in Ghana in a study that employed a definitive methodology (25, 26) . Thus, based on the findings of these previous studies, we chose the daaD gene to identify the strains of DAEC. PCR assay is a practical and rapid method for the identification of virulence genes and is commonly used for identifying E. coli strains (25) , so this was our method of choice.
The limitations of biochemical and serological diagnostic methods can be overcome by molecular diagnostic assays, which are sensitive and specific (19) . Real-time PCR, which is one such method, offers faster and more robust identification, and gel electrophoresis is not required to identify the amplification products after PCR (24, 27) The advantages of real-time PCR over traditional PCR include its closed tube system, which does not require post-PCR processing. Real-time PCR also offers higher precision, better sensitivity (down to 1 copy), a better dynamic range (greater than 8 logs) and higher resolution (less than twofold difference) (28) .
In the present study, a high percentage of the DAEC strains were resistant to ampicillin (62.5%), penicillin (62.5%), nalidixic acid (37.5%), cefixime (37.5%) and trimethoprim/sulfamethoxazol (37.5%). Alikhani also reported a higher percentage of resistance to ampicillin, cefotaxime and trimethoprim/sulfamethoxazol in E. coli (29) . Another report from northern Iran (2014) showed that 79.4% of the isolated E. coli were resistant to cefixime (30) . Studies from Peru, Vietnam, Brazil and Mexico have also reported greater resistance to ampicillin in E. coli (31) (32) (33) (34) . Our findings are similar to those of the studies from Iran, Peru, Vietnam, Brazil and Mexico (29) (30) (31) (32) (33) (34) . It should be also noted that in many cases, antibiotic resistance is transmitted to humans, hospitalized patients and the hospital environment through other sources, including food plants, animals, fish, poultries, and other industries, in which antibiotics are used for different purposes and may lead to the emergence of resistant strains (35) (36) (37) (38) . The isolation, identification and antimicrobial susceptibility of pathogens can be helpful in optimizing the use of antimicrobial agents.
In conclusion, our analysis indicated that DAEC strains may be considered as potential pathogens in Shiraz, southern Iran. The results showed that although the prevalence of DAEC is low, prevention of infections caused by this bacterium among asymptomatic patients is crucial. Therefore, further characterization of the different virulence aspects of DAEC strains is required.
